A major purpose of the Techni
cal Information Center is to provide
the broadest dissemination possi-
ble of information contained in
DOE’s Research and Development
Reports to business, industry, the
academic community, and federal,
state and local governments.

Although a small portion of this
report is not reproducible, it is
being made available to expedite
the availability of information on the
research discussed herein. -

1




o o GIBLE. W

E .

ORTIONS OF TH\SEEP(_!R‘!: fg';;!ﬁ“ﬁ-‘;-

; n reproduced from the A

o ;:: permit\ne proadest posst
coy

ability.

Los Alamos Natona. Laboralory .5 opera.od by the University of California for fhe Urifed States Depariment of Energy under coniract W-7405-ENG-36
[ A

i . NI D)
P [ ." I )
ot
LI‘\"U.:—-S"I—].GGG
DESA 012583
TITLE PHOTON LOSSES IN COSMIC RAY ACCELELATION IN ACTIVE

GALACTIC NUCLEI

AUTHORIS) Stirling A. Colgate, T-6

SUBMITTED 7O Recontre dec Moriond, La Plane, France
Feb. 26 - March 4, 1984

DISCLAIMER

This report was prepered us an secount of work sponsored by un agency of the Uited States

Giovernment.  Neither the United States Government nor any ugency thereol, nor any of their

employces, mukes any warranty, express or implicd, or assumes any legat hability or responsi-

hility for the nccuracy, completeness, or usefulness of Any information, apparatus, product, or

process disclosed, or represcats that its use would not infringe privately owned rights. Rerer. ﬂ,ﬁ a .

ence herein to kny specific commerciul product, process, of service by trade name, trndemark, ; U
manufacturer. or otherwise does not necessanly constitute or imply its endorsement, recom- e - ) 1
mendation, or favoring by the United States Government or uny agency thereof, The views ' -'V' _,?
and opinions of authors expressed herein do not necessarily state o, reflect those of the "
United States Goverament or uny uaency thereof.

[ accopratne ol g e ta e e pobr st rpgog s Jen (At e PE S Goye ment tel iy neng ag s vt toy ity ee hgense o pubosh. of reprogae s

e pg b b foen b thag et Gt oo G low athers 1o do so e 1Y Giayprsmpne Durpoey

Trar Lo Angrean Nabor gl [ abaral oy e ety thgt (he pgbtsher onpdy (hay it b o g winek pottarmagd gonget tIbe ausproay o the (S Departmen) ol | neeyy,

Los Al National Laboratoryv
L OS AIBINNIOS Lo Aames Nawhexao 8545

TR R TR N IR LT (l’

EETENY) DISTRIAIMTIAN AL TLIIE RAAIIAF G- 14 1 A tesmm—


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


-p,

PHOTCN LOSSES TN COSMIC RAY ACCELERATION
IN ACTIVE GALACTIC NUCLEI

Stirling A. Colgate
Los Alamos National Labcratory, Lus Alamos, New Merico 87545 USA

ABSTRACT

The usual assumption of the acceleration of ultrahigh energy cosmic rays,
> 16'® oV in quasars, Seyfert galaxies, and other active galactic nuclei is chal-
lenged on the basis of the photon interactions with the accelerated nucleons,
This is simi'ar to the cffect of the black body radi tion on particles >10%" ev
for times of the age of the universe except that the photon spectrum is harder and
the energy density greater by ~ 1003, Hence, a single traversal, radial ov cir-
cumferential, of radiation whose energy density is no greater than the emitted
flux will damp an ultrahigh encrgy cosmic ray 1049 ¢V by greater than 107 times
its energy. Hence, it is unlikely that any rcasvnable configuration of accelera-
Lion can avoid disastrous photon energy loss. A ditferent site for ultrahigh
cucrgy cosmlice ray acceeleration must be found,



JNTRODUCTION

Ultrahigh energy cosmic rays, E > 1018 eV, are almost universally assumed to
originate .utside the Galaxy and then diffuse in. ?lhis is because their larmor
orbit in the field of the Galaxy becomes of the order of the dimension of the
Galaxy, 10 kpc, at 3 x 10'2 eV. There is thus no way for such particles to be
contained within the galaxy for extended periods. Hence, the usnal assumption is
that they diffuse into the galaxy from intergalactic space filled from an unknown
source. Such an unknown source has been plausibly assumed to be within the ex-
treme energetic phenomena of quasars or active galactic nuclei (AGN).

In a companion article in this vulume, Hillas has shown that the acceleration
of such particles by the more recent mechanism of collisionless plasma shock
acceleration is very unlikely in any known extragalactic phenomena. This is
because plasma shock acceleration requires a particle to diffuse in momentum
space. Because the /limension of each diffusion step is several larmor radii and
very many steps are required for low B shocks (B = V/c) the necessary time and
distance traversed by the shock becomes too large for the acceleration of vltra-
high energy cosmic rays in any proposed or observed extragalactic sites. Here it
is shown that acceleration in active galactic nuclei or quasars (AGN) is nearly
impossible because of radiation damping of the accelerated high energy particle hy
photons on the way out of the objeci. Ginzburg and Syrovatskiil, and Brecher and
Burbidge? extensively reviewed the need for an extragalactic origi, of the highest
energy particles and further believe, as do many others, that observable extra-
galactic objects like AGN are the likely source. However, it is just the photons
of this observability that are the preblem.

PHOTON ATTENUATION

The very highest energy cosmic rays were inferred from air shower measure-
ments (101° to 1029 eV) and conlirmed among various experiments.? Greisen? point-
ed out that such high energy particles in the extragalactic environment would lose
their energy in a Hubble expansion time due to Doppler shilted collisions with the
blackbody radiation. This is because a black body photon oi 3 kT = 10 % eV,
T = 2.7 K, is Doppler shifted to 200 MeV tor I° @ 1/y1 - B2 = 10!? for E = 1029 v
cosmic ray protons. Such collision betweer a photon and a proton produces n's and
ence transters significant momentum (¥m_I'/¢) from the proton cauging an encrpy
loss. A similar loss occurs at lower encergies E 2 1018 oV due to ¢~ pair produc-
Lion. If the primary cosmic ray is a nucleus of atomic weight A, and thus a lower
value of [' per nucleon, FN =1,/A, for a given shower caergy, then gamma=ray
nuclenn processes wonld rapidly &ueroy, or sjpall, the nuclei for shower cnergics
> 10 eV total,

The predicted cutoff, around 104Y ¢V, is definitely not observed and indeed
the spectrum becomes flatter above 1018 ¢V, the ex. ¢l converse of the expectation,
Very detailed calculations of spallation of nuclei due to infrared and star Light,
pair production and pion production were pertormed by Puret, Stecker, and
Bredekamp.®  Figure 1, reproduced from their article, shows the energy loss time
duc to the blackbody photons alone.  The full radiation gpectrum used for the
spallation analysis is shown in Fig. 2. One notes that o pair production from
protons above E > 2 x 10" oV reduces the CR lifetime to less than the Hubble
expansion time 2 x 101y, As one goes to higher energy, 1029 ¢V the CR litetime
becomes progressively shorter (X 10 2 Hubble time) due to pion proauction or for
iron nuelei by pair production.  This argument severcly restricts the origin amd
Litetime of cosmic rays to dimensions of the local supercluster.  In Fig., 2 the
very weak photon tlux in the infrared and optical causes Doppler shifted spalla-
tion of irvon muclei, This further Himits the possibic explanation of these ultra-
high enerpy cosmic rays Lo either protons or iron nucler witiin the local supoer-
cluster,



However, the frequent assumption of acceleration in active galactic nuclei in
the local supercluster has far worse limitations due to the same radiation damp-
ing.

ACCELERATION IN ACTIVE GALACTIC NUCLEI]

The assumption of the acceleration of cosmic rays in quasars, BL lac objects,
Seyfert galaxies, and AGN (active galactic nuclei) suffers in the extreme from the
same problem of photon damping. The damping or deceleration occurs from the
photon energy density of the emission by which we recognize the objects in the
first place. A particle can Fe accelerated inside or outside such an object.

Inside or outside corresponds to the location of a radiation emission sur-
face. In general the most energetic phenomenon should occur inside, but it would
be possible for a particle to be accelerated outside in a magnetically confin.d
orbit. Therefore the following alterpate assumptions are made as applying to any
reasonable mechanism of acceleration in any AGN:

1. The acceleration of a particle must take place within and the particle tra-
verse at least one :adius of the obiect, v“here the radius rorresponds to an
emission surface inside of which the photon flux is quasi-i:zotropic.

2, Acceleration outside an emission surface must require at least one orbit
around the object in a presumed magnetic field strong enough to confine thc
high energy particle. Because of svynchrotron radiation, the orbit must bec

larger than 10'® cm for I' > 10'!; R 2 3T}, pc.

Both circumstances lead to roughly the same impossible loss of the cosmic ray
energy due to the two processes of pair production and pion production. In the
first case of purely radial traversal of the emission nebula, the photons are
quasi-isotropic in the rest frame and in the second case the photon streaming will
lead to a primarily orthogonal flux, both of which lead to photon collision ener-
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Fig. 1. From Puget et al (1976). The energy loss time and attenuation length for
protons from pair production, redshift, and photo-pion production losscs based on
the calculations of Stecker (1968) and Blumenthal (1970). Also shown 1% the
sttenuation length for ®®Fe from pair production losses.

Stecker, F. W. 1971, Nature Phys. Sci., 234, 28.

Blumenthal, G. R. 1970, Plhys. Rev.. D1, 1596.



gies in the frame of the cosmic ray particle essentially the same as calculated by
Puget et al.?” It should be noted that one cannot use the radial photon flux
external to the surface to significantly accelerate the particles further because
of red shift and photon drag Noerdlinger.® Noerdlinger points out that the limit-

ing Fr from the acceleration of a part&cle by a near infinite plane parallel
radiatfon source is proportioral to (¢ra )* and for all practical purposes limits
rrad < 10, or 10'9 less than desired for 8r's.

AGN RADIATION FLUX

For either radial or orthogonal acceleration one can scale the photon damping
or cosmic ray energy loss to a standard AGN. For Seyfert Galaxies see Weedman,’
BL Lacertae Objects Stein et al® and x-ray emission, Grusky and Schwartz.? The
luminosity of AGN varies over a wide range from roughly 10%% to 10%7 erg ¢! for

Seyfert galaxies to the bright quasars. Similarly the fluctuation time varies
from hcurs to a year (Schwartz et al.!©®)., In general the most luminous objects
like 3c273 have larger fluctuation times, and the weaker objects shorter fluc-
tuation times. Therefore let the standard luminosity be L,g = 10%6Atg erg s-!

and radius for a 10-day fluctuation period be R;g = 3 x 10!®Atg cm so that the
photon energy flux at the surface becomes:
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Fig. 2. From Puget et al (1976). Computed background radiation fields from
quasars, Seyfert and related galaxies, and normal galaxies as discussed in the
te:t. Also shown are the 2.7 K microwave and optical radiation fields as wcll as

some measured values and upper limits. The dotted lines labeled HIR and LIR were
taken as alternative models for the intergalactic infrared background ficlds used
in the calculations. Quantities given are equivalent to spectral densities times
frequency (Hz per Hz).



¢ = 3L/(4TR? = 102 Lie Atgl ergs cm 2 5" . (1)
In the above references, the spectrum of AGN also varies from object to object but
in general the departure from a constant average energy flux per logarithmic band
width, i.e., d¢/d[1p(hu)]) is small, no more than an order of magnitude from the IR
to hard x-rays. Hence the differential flux per lograithmic band width is approx-
imately:

11 -1 2 -1

do = 10 Lae At6 d(ln hu) ergs cm” s (2)

and the differential photon number density at the surface becomes

- . . .al2 -1 d[1n(bv)] -3 .
LI d(hu) =6 x 10 L66 At6 (ho) cm , hu in ev. (3)

ENERGY LOSS TIME

The CR energyv loss rate is:

dE/dt = -2l <E > j“nhuoncd(hv) (4)
threshold

where <En> is the average total pion energy in the proper frame =1/3 GeV; then the
loss time becomes:

- it N
Atloss = E/(dE/dt) = 1.5/[f nhuoncd(hu)] (3)
thresheld
- -28 2 | . , .

where <o _> = 4 x 10 cm , is peaked close to twice the pion production threshold.

The threshold energy for production of n's in the proper frame is En/r and

the major contribution to the integral occurs at twice this energy or 3 x 108/T
eV. Hence the loss time becomes:

_ 12
Atloss =6 x 10 At6/(L46F)

(6)
where Atg is the fluctuation time in 10% seconds. The energy losses are prohibit-
ive where the loss time is the time for a particle to traverse the radius of the
radiation surface layer of the AGN so0 that all particles whose energy is gpreater
than T = 6 x 10%/L,g or 6 x 10!® eV will lose thkeir energy in one traversal of
the radiant surface. Here Lsg is a scaled (by Atg) standard AGN such that a Sey-
fert palaxy of fluctualion time of 10* seconds would correspond to a total lumin-
osity of 1044 erg s !. Her: we have assumed that the radiant energy density n
is uniform inmide the AGN. Ary concentration of photon Je:nsity towards the act ive
center will only make acceleration still riore difficult.

Finally we consider an orbit of a particle outside the radiant surface. As
pointed out earlier this orbit must be at R > 108 em (B ¥ 1 ) for I' > 1011,
102° cA CR's. This corresponds to a magnetic field energy &Y (B2/8n) 4nr ~
1053 ergs. For a dipole field BaR 3, R = central radius, so that the ficld
energy W, = 1083(101%/R )* ergs. lience iT the field is constrained at a radius
inside tﬁe radiant surface, a likely circumstance, only the largest radiant sur-
faces i.e., wher: Aty ~ 10, will lead to a reasonable limit on field energy, i.c..
a field energy small compared Lo the rest energy of the AGN 3 105“(MAG /Me) Crgs.
For this circumstance Aty ~ 30, i.e., a light year in radius and Lgq ~ ?0. so that
the cosmic ray particle of 1020 eV would “ave a loss time of -~ 10=% of an orbit
period.



The spallation of heavy nuclei such as Fe would, of course, extend to the
energy of the photo-nuclear threshold or a factor of 20 lower in energy.

The large photon damping of the acceleration of high energy cosmic rays is
strongest for the highest energy particles in the most emergetic quasars where the
emission peaks at 10-100 microns at L = 1047 ergs s ! and the luminosity fluctua-
tion time is a year. Herc the damping time is 10 ° of the particle escape time at
an energy of 1020 eV, Hence it seems uireasonable to expect ultrahigh energy
cosmic ray acreleration in AGN.

I am indebted to Albert Petschek for discussions and review.
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